Abstract. The feasibility of rotary ultrasonic face milling (RUFM) of ceramic matrix composites was evaluated experimentally in this study. Preliminary experimental results show that, comparing with conventional grinding (CG), RUFM can reduce cutting forces dramatically though with a little enlargement of surface roughness. Both in CG and RUFM, a positive dependency of surface roughness on cutting force can be deduced. For machining of 2D-C/SiC composites, the fiber direction significantly affects the cutting force and surface roughness. When fibers are parallel to the cutting plane, the cutting force and surface roughness are much larger than that when fibers are perpendicular to the cutting plane.
Introduction
Ceramic matrix composites (CMCs) such as C/SiC have emerged as a novel strategic structure material in various industry areas such as astronautics, automobile and nuclear energy [1] . However, due to the existence of hard ceramic matrix, CMCs are regarded as typical difficult-to-machine materials. In order to improve the machining of CMCs, various conventional and unconventional processing methods have been introduced, such as grinding [2] , laser beam machining [3] , rotary ultrasonic machining [4] . Rotary ultrasonic machining has been sufficiently proved to be suitable for the hole manufacturing of CMCs, with dramatically reduced cutting force and improved hole exit quality [4] .
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Cutting depth Fig. 1 Illustration of RUFM This study tries to introduce the rotary ultrasonic machining to surface generating of CMCs. As illustrated in Fig.1 , for surface machining, the rotary ultrasonic machining is also known as rotary ultrasonic face milling (RUFM). In RUFM, a rotating grinding wheel electroplated with diamond abrasives is vibrating ultrasonically when feeding towards to the workpiece [5] . The processing outputs such as cutting force and surface roughness will be compared with conventional grinding (CG) to evaluate the feasibility of RUFM for CMCs.
Feeding direction
Experimental design
RUFM experiments were conducted on Ultrasonic 50 (DMG, Germany). The illustration of experiment apparatus is shown in Fig.2 . The outer diameter of diamond tool was 50 mm. The size of diamond abrasive was around 100 μm. Both inner and outer coolant were used simultaneously. The workpiece was a 2D-C/SiC composite panel. As shown in Fig.2 , it has two kinds of plane: plane A and plane B. When machining plane A, all fibers are parallel to the cutting plane. However, when machining plane B, some fibers are perpendicular to the cutting plane. The machining parameters are listed in Table 1 . The ultrasonic frequency was about 17.8 kHz. The ultrasonic amplitude was 1~2 μm. When the ultrasonic mode of Ultrasonic 50 was shut down, the machining method was changed from RUFM to CG.
The cutting forces were measured using a dynamometer (Kistler 9256C2, Switzerland). A SEM (QUANTA 200 FEG, FEI, Hillsboro, America) was used to inspect the machined surface. A 3D Optical Surface Profiler (NPFLEX, Bruker, Germany) was used to evaluate surface roughness S a avoiding the previously existing voids of C/SiC. The detailed of definition of Sa can be found from other researcher's article [6] . Fig.3 shows the typical surface morphology in RUFM of C/SiC. As shown in Fig.3 , when machining plane B, no obvious difference between RUFM and CG can be distinguished from the surface morphology. Though when machining plane A, the surface morphology obtained by RUFM is similar to that obtained by CG. The distances between fiber fracture to fracture was comparable. As shown in Fig.3 (a) and Fig.3 (b) , L RUFM <L CG . This phenomenon was typical for various machining parameters. According to material removal mechanism in rotary ultrasonic machining of homogeneous brittle materials, the impact effects of ultrasonic vibration can prompt the generation of micro cracks resulting in the material removal of microchips mode [7] . The ultrasonic vibration of abrasives induced impact effect maybe also account for the above results about the distances between fiber fracture to fracture. By the way, the effect of various distances between fiber fracture to fracture on the working performance of workpiece should also be evaluated in the future research. Fig. 4 Comparison of cutting force and surface roughness Fig.4 shows the comparison of cutting force and surface roughness between RUFM and CG. The labels of A and B represent plane A and plane B respectively. As shown in Fig.4 , The cutting forces of RUFM were much smaller than that of CG. RUFM can reduce the cutting forces by an average of 50% comparing with CG. The significant reduction of cutting force in RUFM provides a possibility of machining efficiency improvement considering the potential suppression of tool wear. However, in terms of surface roughness, RUFM didn't show up any superiority than CG. The surface roughness S a of RUFM were always larger than that of CG. This is consistent with the results of RUFM of homogeneous brittle materials [8] . Simultaneously, the fiber direction greatly affects the cutting forces and surface roughness. As shown in Fig.4 , both the cutting forces and surface roughness S a when machining plane B were much smaller than these when machining plane A. Furthermore, a basically positive relationship between surface roughness and cutting force can be found as shown in Fig.4 . This dependency of surface roughness on the cutting force provides a method for monitoring the surface roughness during the machining process.
Summary
(1) RUFM can reduce cutting forces dramatically though with a little enlargement of surface roughness for machining of C/SiC composites. Both in CG and RUFM, a positive dependency of surface roughness on cutting force can be deduced. This can be used for the online monitoring of surface quality.
(2) For machining of 2D-C/SiC composites, the fiber direction significantly affects the cutting force and surface roughness. When fibers are parallel to the cutting plane, the cutting force and surface roughness are much larger than that when fibers are perpendicular to the cutting plane.
